Introduction
Sea salt particles generated by wave action in the marine troposphere [Woodcock, 1953; Blanchard, 1985] should have a chemical composition reflecting the solids in sea water, primarily NaC1 with smaller amounts of other species such as bromide [Kester et al., 1967] . However, the ratio of chlorine to sodium is often less than that in sea water [Junge, 1956; Martens et al., 1973; Cicerone, 1981; Prospero et al., 1983; Keene et al., 1990] and appears in some cases to be related to the presence of oxides of nitrogen [Martens et al., 1973] , which is consistent with finding excess nitrate in the particles. While nitrate may not account for all of the "missing chlorine" [Keene et al., 1990 [Keene et al., , 1993a Stelson, 1992, 1993] , it represents a significant fraction. Key to the evaluation of the relative importance of reactions (1)-(4) and the potential production of chlorine atoms are their gas-solid reaction probabilities, (q•), defined as the fraction of gas-solid collisions leading to reaction. Reaction (2) has been shown to be second order in NO 2 for the reaction with dry NaC1, and assuming that N204 is the reactant, q• for the N204-NaC1 reaction of (6*--2) x 10 '5 was obtained [Vogt and However, to date no kinetic data for reaction (1) have been reported. Knowledge of q• for this reaction is critical, since if this reaction is very fast, it may overwhelm the contributions of reactions (2)-(4) and lessen the likelihood of chlorine atom production, at least via these mechanisms.
We report here X-ray photoelectron spectroscopic studies of the kinetics of reaction of gaseous HNO 3 with solid NaC1 at 298 K. We show that the nitric acid reaction is sufficiently slow that the generation of C1NO 2 via reaction (3) at night will be at least comparable to, and likely faster than, the production of HC1 in reaction (1).
Experimental
Reaction (1) was followed by using X-ray photoelectron spectroscopy (XPS) to quantify the surface C1-and NO 3-as a function of exposure of the NaC1 to gaseous HNO3. An ESCALAB MKII photoelectron spectrometer (VG Scientific) was used in these experiments. The ESCALAB MKII is a multitechnique surface analysis instrument based on an ultra-high vacuum (UHV) system which consists of three separately pumped interconnected chambers (spectroscopy , sample preparation, and fast sample entry chambers). The XPS experiments were carried out in the spectroscopy chamber, which is equipped with a standard Mg/A1 twin anode X-ray source and a 150 mm radius hemispherical electron energy analyzer. A1K s X-rays (1486.6 eV) and an analyzer pass 
Discussion
This is the first report of the reaction probability for the HNO3-NaC1 reaction at 298 K, which is found to be one to two orders of magnitude slower than the corresponding reaction of N20 5. This may be due to steric factors involved in the gassolid interaction, and/or to the strength of the initial interaction between the gas and the NaC1. Solid N20 5 is believed to exist as NO3'NO2* [Cotton and Wilkinson, 1972] , which may also be the case for N20 s as it initially adsorbs on the salt surface. The ionized structure may interact more strongly with the ionic NaC1, increasing the rate of the reaction. As a first approximation, the rate of reaction (1) can be compared to those of reactions (2) 
